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PREFACE f

This effort was conducted under Harry G. Armstrong Aerospace
Med!ical Research Laboratory (AAMRL) Project 7184, "Man-Machlne ,
Integration Technology," Task 718408, "Crew Station Design Tech- :
niques and Criterla,"”™ and Work Unit 71840835, "Englineering An- e
thropometry for Systems and Subsystems Design." NN

This paper was presented as part of the Symposium of the
26th meeting of the Air Standardization Coordinating Committee g‘ﬁ,
(ASCC), Working Party 61, "Aerospace Medical and Life Support NN
Systems,"” 5 November 1985. at the RAF Institute of Aviation PO
Medlcine, Farnborough, Hants, England. 1t also appears in the SR
Report of that meeting, Volume IV, "Symposium Proceedings." e

L
Lt
v
A\
L/

b
i {

et
N

LATUCAS

AN NN
‘.“xH“n.M §

=
"

PN
oy

£

'f.‘,."‘
o0

I Accesalan Tar

1
‘J
!

. ."l “'
F X A
L8584 %

€ e 2 ¥
~(‘./|l'

NTIS - :
DEIC T.- N
Unannen: -~ . 3 '
Jusiiftons oo e
— DS Sls.
_— - TR
,rOE
By | R
i I-. ... --
| Distribetiary N 0%
Avai_llabi}j‘.y c<_:d35_ [~ 28
Aviti ] snd/or RN
Dist | .pecial fodndet
L N
T NN,
A A
[l
AR "l;:—"ft
R
. \:::;
w3,
W
O
LY .
(-
-~ -\'_\'_'
NN
._-_\-._\-_.

‘.-,‘.-r-vrr_'-wf-r-v-’rt‘rr -~ e -~ et Lt oo IR R LI I O S S e et A .= L S
B A M L I AT O A I I NI N A A5 T S Rl aOAN P A S O N R A AT ’

Pt el el P d o O . e e N S PPN NN



-
X4
§
'

¥
Ly
a¥

) PN

BT

-
'

,.
SASS) PAPYISI N W

.
B

«ve

OO

-

en % N NS NN N VLS
IV NRTNIIE X SN IS A

. . g -y -t
e PR Gaga LA CLVN &0 VL CO W WL WY v b ¢ NI AL S e e S Ceh

OBJECTIVES

The study reported here was

undertaken to serve three
obJectives:

1. To derlve new alrcraft cockpit geometrlies in which the
techniques of vertical ejectlon seat adJustment move the small
pilot toward his/her controls and the large pilot away from them,
thus avolding the Incompatibilities assoclated with adJusting the
small pllot up and aft, away from hand controls, and the large
pilot down and forward, toward hand controls;

2. To demonstrate the relative ease with which the designer
can depart from the United States Air Force tradlitlon of accom-
modating to the 5th to 95+h anthropometric percentile range and

to accommodate, instead, to the 1st to 99th percentile, Including
reach capability; and

3. To demonstrate appropriate techniques of using the AAMRL
Two-Dimenslional Drawing Board Manlkins In the derivation of baslc

geometrles of two diverse ejJectlion seats and of selected aspects
of cockpits.

Design requlirements to be met by the cockplt geometries are
as follows.

1. Vertical seat motlion Is for the purpose of adjusting the
pilot so that his eyes can be located on the 15 degree Down
Vision LIne, over the nose of the alrcraft, rather than on the
traditional Horlzontal Vislon Line (Plane). It Is felt that
optimum vision both into and out of the cockpit <can best be
achleved by adjusting to the Down Vision Line.

2. All pilots within the anthropometric design range shouid
be able to avolid thrusting thelr knees forward of the Ejection
Clearance Line by assuming the correct ejectlion posture, even
though they might have adjusted the seat to a consliderably dif-
ferent position than recommended, considering thelr body slze.

The 1st to 99th percentlile ranges of body sizes to be
accommodated are llisted below. This Is a typical example of the
manner In whlch anthropometric percentile range accommodation Is
best appllied to design. The 1st to 99th percentiie accommodation
range Is applied only to the key dimension(s).
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Eye Helght, Sitting 1st to 99th Percentlle

Thumb-Tip Reach 1st Percentlile to Top of Range
Buttock-Knee Length Bottom of Range to 99th Percentlle
Buttock-Popliteal Length 1st Percentlle to Top of Range
Knee Helght, Sitting 1st Percentlile to Top of Range
Popliteal Helght, Sitting 1st Percentile to Top of Range
Bldeltoid Breadth Bottom of Range to 99th Percentile
Hip Breadth, Sitting Bottom of Range to 99th Percentlle

First and 99th percentile |Iimits are speclfled only for Eye
Helght, Sitting, the one Iisted dimenslion whose extremes both
must be considered. Thls dimension plays a declislive role In
determining vertlical seat adjustment range and, therefore, the
total depth of the cockplt., Contrary to the apparent bellef In
many alrframe companies and military agencles, Sitting Helight Is
not the most critical body dimension In cockplt layout, since It
Is taken Into account by the military services' conventlion In
calling for a 9- to 13-Inch arc origlinating at the Deslign Eye
Posltion and to which the underside of a canopy or overhead
fuselage must be tangent.

All layouts were developed using the AAMRL Two-Dimenslional
Drawing Board Manlkins.®* Since these design alds are currently
avallable only In 5th, 50th and 95th percentile slzes, minor
adJustments had to be made on the drawing board to represent the
1st to 99th percentile accommodation requirements. In the text
that follows, references will frequently be made to 1st and 99+h
percentiie torsos as though actual manikins of these sizes were
used. This Is a convenlence to avold the otherwise cumbersome
necessity to refer frequently to the adjustments made to derive
1st and 99th percentile values.

THE LOW PROFILE COCKPIT GEOMETRY

The Impetus for developing the Low Proflle Geometry can be
traced to conversations with members of the origlinal cadre estab-
Illshed at Wright-Patterson Alr Force Base, Ohlio, to Inftlate
studies leading to what Is now known as the Advanced Tactical
Fighter (ATF). Drawing on these conversatlons, as well as from
lessons |earned In the AAMRL High Acceleratlion Cockpit (HAC)
experlence and from work done by the author, a basic low proflle
geometry was developed. |t was driven by the followling design
requirements In addition to those |isted In Objectives.

1. It was speciflied by the ATF cadre that the frontal area
of the fuselage of a low profile alrcraft be significantly less
than that typlcal of alrcraft currently In the Inventory. Ex-
pressed In terms Important to the geometry of the ejJection seat,
the frontal area through the cockpit at Seat Reference Polnt
(SRP) should be approximately 80 percent of that of the F-16A,

* See BlIbllography for references regarding the AAMRL Drawing
Board Manikins,

v ‘J

cea
A -". .
. -
. '\" !

v‘.‘\ °,
a8
e
n

e

T W R At I
A .,s.j }'t'»»f AT Y
A s, 4
.'4 L P
5

hs
)

L
.{"
':.

et
!
I %1
7’74

R ‘:,.-
u"‘l' "'.lt' LA
& N Y

z7,

'
v

B
e

R




2, A seated posture must be produced that would passively
resist submarining during ejectlon, but would not result In the
pilot's knees encroaching on the 15 degree Down Vision Line.

PAAL AT TR TS

A reductlion to 80 percent of the vertical frontal area
through the cockpit of the F-16A results In a vertical dlistance
of approximately 37 Inches from the full-down SRP to the under-
slde of the canopy.* Thlis compares to 41.5 Inches for the F-16A.
" Allowing a 9-inch clearance from the eyes to the underside of the
canopy reduces to 28 Inches the vertical space within which to
accommodate to the 99th percentliie for Eye Helght, Sitting (34.8
Inches). A rather supine angle Is obviated.

As body attlitude proceeds more and more toward suplination,

the head 1s more [lkely to require frequent If not continuous
support., The minimum back angle at which this occurs Is unknown,
but It appears to be at about 45 degrees.**® lf we also expect

the pllot to be able to see comfortably forward both Into and out
of the cockpit, the head must be supported In an upright atti-
tude, essentlally as 1t assumes [n the unsupported situation. To
determine an approprliate head orlentation for a straight ahead
gaze, a sample of 30 Individuals were examined. 1+ was found
that, when looking stralght ahead, the angle between Traglon
(essentlally at the upper margin of the external auditory meatus
- ear hole) and the Inferlor margln of the orbit (bony eye
socket) averaged +11 degrees.

The more supline the back angle becomes, the more the head
must be rotated forward In order to malntaln a natural head
orientatlion. As this occurs, the greater Is the Iikelihood that
the chin and resplratory gear will come Into contact with the
chest. It Is felt, therefore, that at rather supline back angles,
the upper back and head should be elevated from the plane of the
lower back to avoid the possiblillty of this Interference. Al-
though elevating the upper back and head wlll Increase the heart
valve eye distance and |lkely lessen somewhat the pllots' toler-
ance to +6z accelerations, the discomfort and possible compromise

e

AL AL R T T TN e 2 P RN SN S A SO EEDD

VAT R e T

S of equipment that may otherwlse occur would be unacceptable.
.~ Accommodatlion to the 99th percentile torso within the vertical
; space allowed, such that these requirements are met, requires a
" lower back angle of approximately 55 degrees aft of vertical and
N an upper back/head rest angle of approximately 10 degrees aft of
" vertical. The distance from SRP to the beglinning of the upper
.. back/head rest was found to be 19 1/8 Inches.

9

}I

) * The vertical dimenslon of the cockpit has traditionally been
? expressed In terms of the distance between the Neutral Seat
x Reference Point (NSRP) and the underside of the canopy. | have
;J departed from thls convention for the purpose of Including full
. vertical seat travel In this value.

[+

e ®% The angle of support for the upper back Is critical. It the po
, upper back Is supported at an angie less than 45 degrees aft, It
f may be that continuous head rest Is not needed.
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With the 99th percentile torso still on the drawing board,
the minimum uppermost Iimit for the top of the head rest was
marked.

These flrst steps In developing the Low Profile Cockplit
Geometry are Illustrated In Figure 1.

First to 99th percentlle reach accommodation can be achieved
merely by locating hand operated controls at the 1st percentile
reach distance. All personnel with longer arms are automatically
accommodated. Using this procedure In the alrcraft cockpit,
however, Is Inappropriate and can lead to an array of hand oper-
ated controls and display surfaces that are too close to many
operators and can cause the crewstation to be too confining for
large pilots,

In the cockpit, accommodation to the 1st to 99th percentile
range for reach capability can be achleved in another far more
appropriate fashlion. By taking advantage of the fact that the
smaller pilot will move the seat upward and the larger pillot
downward to reach the Down Vision Line, we need only to accom~-
modate to the mInimum practical reach capabli!llty compatible with
the 99th percentile torso in the full-down seat adjustment, and
to the minimum reach compatible with the 1st percentile torso In
the ful l-up seat adjustment. The minimum practical Thumb-Tip
Reach to be found associated with the 99th percentile torso was

" wsion

FULL-DOWN
SRP

FIGURE 1. The Low Proflle Cockpit Geometry - Initial Determina-
tlons. A 55 degree lower back angle and 10 degree upper back-
head rest and the Over-the-Nose Vislion Line have been estab-
l1shed. Since the 99th percentile eye position wlll be the
highest along the Over-the-Nose Vislon Line, the clearance radlus
to the underside of the canopy can also be Indicated.
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found to be 30.7 Inches, or 29th percentile.* WIth the 99th
percentlile torso In the full-down seat adjustment, the 29th per-
centlile reach polnt Is located directly forward. This reference
polnt will be used to achlieve 1st and 99th percentlile reach
equivalence.

|+ was certaln at thls polnt that the 1st percentlile torso
with the maximum likely leg (75th percentile) In the full-up seat
adjustment would be the body proportions likely to cause the
knees to rise the highest in the cockplt and, therefore, most
{ikely to Interfere with the 15 degree Down-Vislon Line. For
this reason, | Ignored the height to which the knees of the 99th

fﬁ percentlile leg on the 99th percentlle torso might rise In the

hﬁ cockpit with the seat full down.

Nt

5 It was not yet known which of the torso/leg/seat adjustment
combinations would cause the knees to protrude farthest forward
and, therefore, be determinant In the placement of the Ejection

Clearance Line. However, to preserve this Information for pos-
sible future use, the forward protrusion of the knees of the 99th
percentlle torso and leg was marked.

Since It was not yet possibie to determine the compressed
surface of the seat cushlon, It was also not possible to Indlicate
the placement of the rudder pedals. For the time belng, then,
the 99th percentile torso and [+s [Imbs were set aside and atten-

tlon was turned to the uppermost seat adjustment. fs ;
The seat In Its uppermost adjustment must be positioned such R~
that 1st percentile Eye Helght, Sitting Is on the Down Vision g&**
Line and the 1st percentile Thumb-Tip Reach point at the same ny\
distance forward as that for the 99th percentlle torso/29th S?{Q
percentile arm comblnation In the full down seat adjustment. ¢?§\
Preserving thls relatlonship by using an appropriate body sup- qiqgé
port system will yleld 1st and 99th percentile reach capablillity “"‘j
equivalence. &-
The 1st percentlle torso with 1st percentile upper |Iimb was ’

positioned on the drawing onto the 55 degree back - 10 degree
upper back/head rest.

* Minimum Jlkely reach Is deflned as the value for Thumb-Tip
Reach calculated from Eye Helght, Sitting, using the approprliate
regression equation, less 1.64 X the Standard Error of the Esti-
mate. [88.3 cm (99th percentlile Eye Helght Sitting) X 0.516
(Slope) + 38.54 cm (Constant)] - [1.64 X 3.66 (Standard Error of
the Estimate)] = 78.1 cm (30.7 Inches) which Is 29th percentile
USAF Thumb-Tip Reach. Applying this procedure to estimate the
maximum |lkely leg length (Buttock~Knee Length) assoclfated wlth
the 1st percentile torso results In a 75th percentlile fower [Imb.
Other combinations, l.e., maximum |lkely upper Iimb/1st percen-
tlile torso and minimum Ilkely leg/99th percentile torso were
also avallable, but not pertinent.
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To establish the angle of the seat, one that would provide .-':.J-?.::fi
passive resistance to submarining during ejection as well as not ;yﬁy:i
violate the Down Vision Line, the 75th percentite leg was at- gﬁﬁ?ﬁ
tached to the 1st percentlle torso, and rotated upward until the TN
knee was 1 inch below the Down Vislion Line. A line tangent to ® !
the underside of the thigh was drawn to portray the angle of the thﬂa
compressed seat cushlon. Since thls Is the longest practical {y¢£?\
Buttock-Knee Length assocliated with the 1st percentile torso and, }iﬁbﬁ‘
since the seat Is full up, It also represents the highest polnt Qﬁ?ﬁﬂ
to which any pllot's knees are llkely to be found. Qﬁcﬁhd
»- {
The SRP of the seat in Its uppermost adjustment turned out }j
to be 3 3/4 Iinches above that in the lowermost adjustment and I
along a line 5 1/2 degrees aft of vertical. The distance from T
SRP to the lower edge of the upper back-head rest was found to be S
15 3/4 inches.

These additional steps In the derivation of the Low Proflle
Seat Geometry are Included In Figure 2.

To determine seat l|length and full forward rudder In the aft-
most rudder carriage adjustment, the 1st percentile leg was used.
The length of the seat compatible with the manikin's Buttock-
Popliteal Length was marked and found to be 17.5 Inches. An arc
was drawn from the center of rotation at the knee to the heel

CANOPY

X HORIZONTAL VISION LINE

1ST AND 29TH

+ PERCENTILE REACH
| POINT AND ARC

\3
oy L
N \S1O!
W

~+

@ FULL-DOWN
SRP

FIGURE 2. The Low Profile Cockpit Geometry - Intermediate Deter-
m.natlons. The uppermost seat positlon has been determlined.
With the placement of the 1st percentile eye on the Down Vislion
Line, the range of eye positions are known. The Design Eye Posi-
+1on (DEP) can, therefore, be determined as well as the Horl-
zontal Vision Line. The maximum height fo which the knee can be
expected to rise In the cockplit Is also shown.




21

..... P
bl
e,
Y
o
catch to represent full forward rudder In the full aft adjust- A
ment. With thls geometry It Is understood that full right (left) f}ﬁ?
rudder wlll Ilkely cause the left (right) knee of the 1st percen- ;ﬁﬁ:
t1le torso/29th percentile leg combination to be elevated above j{}f
the Down Vislon Line, Because of canopy Interference, It is b
anticlipated that the largest pilots cannot ralse the seat hlgh e

enough to elevate thelr knees to a yet higher level.

The angle and length of the compressed seat cushion was
reproduced onto the full down SRP and the 99th percentile torso
with the 99th percentlle leg was 1ald on the drawing such that
the lower surface of the thigh coincided with the seat surface.
The most forward protrusion of the knee was marked for determlna-
tion of the Ejectlion Clearance Line. Also, as with the 1st
percentile torso/75th percentile leg, an arc was drawn In the
rudder pedal area, equal to the distance from the center of rota-
tion at the knee to the heel catch, Using this arc, full forward
rudder in the full forward carrifage adjustment can be determlined.

.
.
s For fllustrative purposes, full forward rudder pedal posl-
" tions for full forward and full aft carrlage adjustments were
’ located at the Intersections of the leg arcs and a line at -4
~ degrees from the hip JoInt center of the 99th percentile torso.
- Such a location should provide for easy pedal actuation. Obvious- T
s ly, several alternative locatlons and excursions are possible. S
< <
X The completed Low Profile Geometry appears In Figure 3. The S
y upright headrest would be the posture of choice for normal A
' flying. Included Is a head rest position which Is in the same ."
X. plane as the lower back and which could be used with the expec- AT T
. tation of very high +Gz loadings., A third head rest position, e
‘. set at 30 degrees from vertical, could be included and would be s
: used on ejectlon. 1t would assume an ejection angle set at 30 RO
) degrees or less aft. An EJection Clearance Line was drawn which RN

allows for 2 Inches clearance forward of the 99th percentile L«—
o Buttock-Knee Length. RN
X PR
o THE VARIABLE COCKPIT GEOMETRY

Unfortunately, ejectlion seat design technology has been such

- that we have been required to accept what Is, In the Human
j Factors sense, an unacceptable characteristic of ejection seats:
: namely, the adjustment of the smaller plilot up and aft, away from
‘N his controls, and the larger pilot down and forward, toward his

controls, At flirst glance, !t might appear that all we need do
to solve this Incongruity Is to adjust pllots along a ramp, the
b, small pilot up and forward and the large pliot down and aft.
g However, since pllots are known to adJust the seat to positlions
: they choose, and not necessarily to positions the designer
: chooses for them, they can be counted on frequently to adjust
. themselves higher in the cockpit than recommended by the de-
signer. Using the ramp concept would Increase the probabliity
that thelr knees would be thrust forward beyond the EjJectlon
Clearance Line. To avold this problem using the ramp concept
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1) would require that the Ejection Clearance Line be far enough

s further forward so that all pllots will clear, regardless of
¥ thelr seat position. Since the forward control and display
‘N panels must be located forward beyond the Ejectlon Clearance

Line, the ramp technique would force the former to be out of
reach for all but the very largest pllots. Ailso, an up-and-
! forward ramp would enlarge and displace forward the pllot-seat
center of mass as well as Increase the weight of the seat. Tech-
nology, therefore, has required that the piiot be adjusted along

R angles withln a few degrees of the back plane and ejectlion ralls.
: One of the purposes of this study Is to equate 1st and 99th
. percentile reach capability. 1In doing so, It is obvious that the
= upper torso and shoulders of the smaller pllot will have to be
‘ forward of those of the large pilot. Because the geometries must
5 be compatible with the cockpit of the F-16A, 1t was decided to
use that seat geometry Iin the full down seat positlion for the
pilots with the longest torsos, or, In other words, 99th percen-
“ tl1le Eye Height, Sitting. Such an Individual with the smallest
N practical reach capablllty would represent least reach wlth the
N seat full-down.
b
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j FIGURE 3. The Low Proflile Cockplit Geometry - Final Determina- IO
j tions. The lowermost seat position Is Indicated, as Is the full- " zﬁ
) down Seat Reference Point (SRP) and the traditional Neutral Seat SRAN

j Reference Point (NSRP). WIth the position of the maximum forward RO

knee known, the EJection Clearance Line can be determined. i;Léﬂ

o Rudder pedal! positlons and a head rest for possible use in ~ﬁ$ﬁ¢
J anticipation of the onset of high +Gz are also shown. ?ﬁ{bﬂ
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iy
S To establish the minimum l|ikely reach when the seat Is full el
i down, the 99th percentile torso was equipped with the 29th per- PNDIN
o centlile upper I|imb and 99th percentile lower IImb and installed EANO P
into the fulil-down seat. To simulate a comfortable seated flying i"‘%
position, the upper torso was balanced over the abdomen and hips
and the head and neck were adjusted to permit comfortable vislion
Into and out of the cockpit: The eye-ear |lne was set at +11
degrees. The eye polnt was marked and a 9-Inch radius drawn
above to assure that adequate clearance was maintained from the
uppermost eye poslition to the underside of the canopy. A llne

‘A::l:
é.

&

KA

o

v
%

- was drawn through the eye point at -15 degrees to represent the
1 Down Vislion Line. To Indicate minimum arm reach, the upper |Imb rvﬁng
< was extended forward and horlzontal and adJusted to simulate 5&q@
§ reach with the shoulder moderately extended. The Thumb-Tip Reach TALALK
L PN
¥ point was marked. N
x The head was rotated aft and the helght of the top of the %ﬂ@?
5 head rest was marked. :ﬁ_\-:i
’_{\.'\J'
The thigh was adjusted appropriately In the seat and the fﬁy&
N{ forward curvature of the knee was marked to record Its maximum ﬁkﬁﬁ
' forward extension. To simuiate full forward leg thrust and, O
. therefore, full forward rudder at full forward carriage adjust- .‘E:i
» ment, the popliteal reglon of the leg was placed Iinto contact }§\s
L with the most forward, upper surface of the seat. An arc was dbﬂy\
o drawn In the rudder pedal area, originating at the knee Joint, }ﬁ#\
] and equal to the distance to the center of the heel catch. This, YR N
- along with a simllar arc for the 1st percentile leg on the i1st [:$4
y percentile torso, would be used to establish full forward rudder SR
% and range of carrlage adjustment. gigi
| SRS
These steps in the derivation of the Vartable Cockplt Geo- ﬁgfb
' U
a metry are lllustrated In Flgure 4. PN
o Once the full-down seat geometry was lald out, 1t was neces- &Eﬁiﬁ
A sary to establish the geometry for the full~-up seat. This I¢ Q;c{
f most convenlently done using the 1st percentile torso equlipped }Qf;
] * -

AR
A
fSlhind

initlally with the 1st percentlle arm and leg.

3 e
L The flrst step Is to overlay the Thumb-Tip Reach polnt on [
W, the hand of the 1st percentlite upper IImb onto that of the 29th AL
2 percentliie arm prev!ously determined. The arm Is then stralght- ‘?ﬂﬁi
" ened out horlzontally in the aft direction. The shoulder jJolnt :f?;p
A ls adjusted and the head and neck were orlented as before for Gi&a
7 optimum vision. The whole manikin was then ralised vertically ;}xﬁ
untlil the eye was on the Down Vislion Line. With these two refer- T |
N ence points malntalned, the lower two segments of the torso were DENES
> rotated into an appropriate positlion to produce a SRP near the RSN
¢ SRP for the full-down geometry. A straightedge, held against the AN
: lower back, hel!ped maintain a stralght back plane. The thigh was ;\*fﬁ
. rotated upward Into a seated positlion to produce a 95 - 100 q~;g
degree open angle between the seat and seat back. i“"i
ﬁt‘ ;_- : ,3: u:
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There are several geometrles possible for the uppermost seat
position, In making a fInal selection, It was necessary to
consider the following factors.
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1. The transition between fulil~down and full~-up seat ad-
Justments should be essentlally a rotational motlon originating
as close to the knees as possible so that, when underway Iin the
upward directlon, the knees are not thrust forward.
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2. As with the full-down geometry, that of the full-up
positlion should be one that Is famlilliar to and accepted by the
USAF flyling community.
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3. The translition from full-down to full-up shouid be made
with the least possible motion.
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To accommodate to the latter requirement without serlously
Jeopardlizing reach equlvalence, the manikin was moved upward
along the 15 degree Down Vision Line to a polnt 3 Inches from the
99th percentilie eye point. By compromising in thls fashlion, the
1st percentlle reach polnt receded aft approximately 1 inch from
that for 99th percentlile and head motion while raising the seat
would be reduced.
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FIGURE 4. The Varlable Cockplit Geometry - Initial Determina-
tfons. The geometry of the F-16A seat Is used for the full down
position. The 99th percentile eye and knee positions, Down
Vision Line, canopy clearance, and full forward rudder can be
located using the 99th percentlile drawling board manikin.
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One combination of back and seat angles that flits adequately
all of these criterlia Is 18 degrees aft and +11 degrees, respec-
tively. The 18 degree back angle Is quite close to the famlllar
15 degree back angle found In the F-15 and other alfrcraft. A
back angle set at 20 degrees or greater would requlire less
angular back motion, but, since the shoulder acts as a more or
less statlonary hinge point In determining acceptable back
angles, a steeper back angle would result In the seat pan, and
therefore the knees, belng thrust forward during upward travel.
This would require that the Ejectlon Clearance Line be located
conslderably farther forward, and beyond which few pliots could
reach. The 18 degree back and +11 degree seat angles ylelded an
open angle of 97 degrees, well within the accepted range for an
"upright” seat.

Once the final geometry for the full-up seat position was
selected, the forward edge of the seat cushion was marked at 18.5
Inches from SRP to correspond to the Buttock-Popllteal Length of
the larger tower |Iimb.

The SRP for the full-up seat was found to be 5.25 Inches
above the full down SRP, along a vector at 24.5 degrees aft of
vertical. The NSRP, of course, would be found midway along this
ltne. The entire system would rotate, with 8 small amount of
sllding, around a point 2.5 Inches aft from the forward edge of
the seat.

The shank of the 1st percentile lower |Iimb was then rotated
downward Into the rudder pedal area and an arc was drawn, origl-
nating at the knee Joint center and equal In length to the dis-
tance to the heel catch. This arc, then, represents full forward
rudder position In the full aft adJustment.

The 1st percentlile leg was replaced by the 75th percentlile
leg and the forwardmost extension of the knee noted. It was
found not to extend farther forward than the 99th percentile
knee. The EjJection Clearance Line, then, was set at 34.5 degrees
aft of vertical to correspond to the F-16A and 2 Inches forward
from the 99th percentile knee. So as to assure that the largest
pilot could not thrust his knees forward beyond the Ejection
Clearance Line, the 99th percentile torso was equipped with the
99th percentile leg and Installed Into the full-up seat. Even
though I+ turned out to be an unrealistlic position, since the
head extended above the canopy, the knees were not thrust beyond
the Ejectlon Clearance Line.

For the purpose of lllustration, the full forward throw for
the rudder pedals In the full forward and aft adjustments was set
at the Intersectlons of the leg arcs and a lIne set at -4 degrees
from the 99th percentilie hip Joint center In the full-down seat.

The flinal Varlable Seat Geometry Is Illustrated In Figure 5.
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DISCUSSION N

AN

The Low Profile Seat Geometry Is I{lustrated, with dimen- :_’.\_f\;:
slonal Information Included, in Figure 6. Tolerance to rela- ads

tively high levels of +Gz loads can be expected using such a g&ﬁ@{

geometry especially when taking advantage of the full~aft head ,\agﬁb

rest. The basic geometry Is not altered as the seat Is adjusted NIGAVN

upward, even though the length of the lower back segment shortens N ﬁ&

to 15 3/4 Inches from 19 1/8 Inches. :gp?«

Because the seat pan Is tipped up to a relatively high angle !%,ra

(35 degrees) and upward seat motlon Is along an aft angle (5 1/2 :?Zg&

degrees) and only 3 3/4 inches In length, knee thrust forward Is ﬁQ&ﬁ"

minimized. It Is adequate, however, to force the Ejectlion Clear- LedN

ance Line beyond the reach capability of all subjects. For thils INENTNI

reason no hand operated controls can be located forward. This -

turns out to be of |ittle consequence since nearly all avallable ".-. R

space forward that might be used for control placement has been P

eliminated by the extent to which the knees are elevated. With ﬁi}ﬁq
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FIGURE 5. The Varliable Cockplt Geometry - Final Determinations.
The full-up seat geometry has been determined with a rotation
polint Just behind the knees. With the locatlion of the 1st
percentile eye position on the Down Vision LIne the Design Eye
Position (DEP) and the Horlzontal Vision Line can be determlined.
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rudder actuation, some plliots wili frequently see one or the :ﬁf:.p‘
other of hls knees above the Down Vision Line. Reach In the .;«.::s'_;-.:
forward direction Is somewhat alded by the fact that the upper N
back and head are supported at a lesser angle than the lower back .ﬁ: s;.tj
and the shoulders are forced somewhat forward. However, all Y
ejection seats that support the body In a near-supline attitude .‘"xy;;..;.'
and maintain that attitude during eJection will tend to force the .\‘_:;ﬁ
EJectlon Clearance Line beyond reach. Etj-\*';‘ti
X Ya
Since the 99th percentile knee is now known to be that which ARy
projects farthest forward, the Ejection Clearance Line can be C
set. The full forward rudder In the aft most adjustment is also -}2.5'-7\-’.-‘
shown. '.j-.j}:«.-f
ReSelong
As addltlonal Information, average heart valve poslitions *-‘;xj.x;f'-";
were approximated and reductions In the blood column between :;:‘3" -
heart and brain was estimated for the upright and aft head posli-~ e
tlons. The upright head position for the 50th percentile torso &‘-=~—
results In a 12 percent reduction when compared to that expected :24‘2; A
In the F-16A, In which the average heart valve/eye distance Is ,:::}_:p:f-
estimated to be 32 cm. When the head and shoulders are full aft :,'.:\ v
in the proposed high +Gz head rest poslition, the reduction Is ;:;J'Z
approximately 33 percent. |f we can presume a 15 degree angle of ke
attack, these reductions Increase to approximately 14 and 53 T arera
percent, respectively. L';-IE:
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The completed Varlable Cockpit Geometry Is Illustrated In
Figure 7. I+ can be expected to offer essentially the same
tolerance to +Gz accelerations as that offered by aircraft such
as the F-15 and F-16. When In the full-down seat adjustment, the
pllot can expect the same tolerance as found In the F-16. When
full-up, the back angle has changed from 30 degrees aft to 18
degrees, which Is slightly greater than that of the F-15.

It has been observed that, with the onset of ejection from
the full-up seat position, the seat could rotate Into the full-
down geometry, using the transition to dampen the effect of the
very high acceleration rate on the smaller pilot. The rapid
rotation of the man and seat, even though only 12 degrees, will
obviously need to be carefully considered. If It Is found that
such a rapld transition cannot be tolerated, an ejection angle
closer to 18 degrees could be considered. |Insofar as the effect
the resultant 18 (or so) degree Ejection Clearance Line would
have on forward control placement, the 1st and 99th percentile
reach polnts appear far enough forward that the reach requirement
couid still be met.

The knees would move fore and aft very little when adjusting
from full-down to full-up seat position. This feature has the
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FIGURE 7. The Varlable Cockpit Geometry. Approprlate labellling
and dimenslional Information have been added.
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advantage of requiring less rudder carriage adjustment than cur-
rent cockplt geometrles., It Is estimated that such a seat geo-
metry Installed Into the cockpit of the F-16A would allow the
full range of pilots to use only the forward half of the current
carrliage adjustment.

AdjJusting the pllot's eyes to the 15 degree Down Vislon Line
resulted In an unexpected advantage. Because the upper torso and
head are rotated forward as the seat is adJusted upward, the eye
of the smaller pilot also Is found to be further forward. Since
adjustment Is made to the Down Vision Line, this means that the
eyes of the smallest pllot will also be approximately 1 Inch
lower than those of the largest pilot. This requirement makes it
possible to accommodate the 1st to 99th percentile range with
only 5.25 inches of vertical seat travel.

MOCKUPS

A mockup of the Low Proflle Seat Geometry Is Illustrated In
Figure 8. It Is completely motorized so that the geometry,

FIGURE 8. The Low Proflie Cockplt Geometry Mockup =~ Large
Subject Accommodation, The seat Is full-down, rudders ful!
forvard, and the eyes are on the 15 degree Down Vislion Line,
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Including the length of the back, changes as the seat is adjusted
vertically. The subject measures 35.6 inches for Eye Helght,
Sitting. That Is above the USAF 99th percentile. HIls Thumb-Tip
Reach Is 34,6 Inches, or 96th percentile.

To facilitate access to the Down Vision Line, a cross halr

slght was mounted at the upper edge of the display panel and LG
tralned on a target stralight ahead but at -15 degrees. In an * ﬁf
attempt to reach the Down Vision Line, the subject has adjusted ﬁﬁﬂ?{
to the full-down position. Because of the hls great Sitting EIPEN
Helght, however, he was not able to acces the Down Vision Line as bk S
conveniently as deslired for optimum demonstration. Because the %!=Vti
seat Ils full-down and because hls arm reach Is so near the 99th }:ﬂyh-
percentile, arm reach equivalence can stlil|l be demonstrated. fck'f
'-P.'-'\.‘:'-I'

The accommodation of the smaller pllot Is Illustrated In 3§ﬁ§3’
Figure 9. This subject measures 30.0 Iinches for Eye Helght, Y.

Sitting, or 5th percentlile, and 30.4 Inches for Thumb-Tip Reach,
or 21st percentile.

=]

‘ AVLFRAI 1 ot acur sy K B

- -

N % Yy

,
RPNy
[}

oAy
‘.I

FIGURE 9. The Low Proflle Cockplt Geometry Mockup - Small
SubjJect Accommodation. The seat Is almost full-up, rudder full
aft, and the eyes are on the 15 degree Down Vision Line.
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The Varlable Geometry Seat mockup Is Illustrated in Figure
10. It Is motorized so that the geometry changes automatically
and gradually during the tfransition from the full-down to full-~
up. The large subject has adjusted the seat to the full down
position to achlieve 15 degrees vislion over the nose. Therefore,
the seat back I1s 30 degrees aft and the seat Is 30 degrees above
horlzontal.

Note hls reach capablility forward.

The accommodatlion of the small subjJect iIs Illustrated In
Figure 11. Note that reach capability forward Is essentialily the
same as that of the large. subject.

For the purpose of I|lustrating reach equivalence, the smal-
ler subject Is a bit too large Iin terms of his reach capablility
and the large subject too small. Considering the direction of
thelir dlscrepancles, it may turn out that the seat geometry In
the uppermost poslition should be a blt farther forward than
described. This, however, can be determined for certalin only
after running more subjects.

FIGURE 10, The Variable Geometry Cockpit Mockup - Large Subject
Accommodation. The seat Is full-~down, back angle 30 degrees,
rudders full forward. Note this subject's reach capabli!ity.
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To cover the possibility that the 18 degree back angie In
the full-up posltion may not be the most appropriate, the final
full-up back angle can be set at any angle between 16 and 20
degrees. This Is done by changing the position of the upper end
of the surface along which the seat rolls In Its upward travel.
Changing the final back angle In the full-up position also alters
the full-up seat angle.

The seat geometry In the full-down poslition [Is never al-
tered.

It was decided early on that | would want to be able to
compare reach capablility and eye positions using the varlable
geometry with these entlities In the F-16A. For that reason the
mockup was designed to simulate both geometries. By moving 2
catch-slfide behind the seat when the seat is full down, upward
motion of the SRP can be aft along 24.5 degrees, as previously
descrlbed, or at 34.5 degrees aft as In the F-16A. The 30 degree
back and +30 degree seat angles are not altered during the F-16A
adJustment.

FIGURE 11. The Varilable Cockplit Geometry Mockup - Small SubjJect
Accommodation. The seat Is nearly full-up, the back angle Is
approximately 20 degrees. Note that this subject's reach forward
is essentially equivalent to that of the large subject In Figure
10.
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